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FOREWORD -

The major purpose aad direction of the study in this report wss to
ascertain the cause of the grain grovth of the gas generator iF7=-10 and
the extent to vwhich the binder participated in this phencrmenon, Areas
of investigation vere entered only to the extent of their pertinence to
the problem and often not dealt with as completely as the investigators
zay have desired,

The study vas initiated on 7 July 196k under Bureau of Yavai Yea~ons
Task Assignment RM 3731-007/216=1/W120+30-01 and research ca ine funda-
mental aspects was completed under Bureau of Naval Weapons Iask Assigne-
ment RMP 22-066/216-1/R0C1-)6-01, The conpletion date was 30 Septerber
196%,

This report vas reviewed for technical accuracy by Honald A, Henry
and Wiilliam R. McBride,

Released by
GILBERT J. PLAIX,
Acting Head,
fesearch Department
1 February 1965

Under sauthority cf
mo Bes McLEAR
Technical Director
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TABLE 1. azmoniun Hitrate Trassitions®

Phese Tenp., Vol. ch:mge,b
reaction o¢ ml/g
I31I 125.2 0.013
II 7 111 8k.2 -0,008
IIT 2 1v 32.3 G,.0221
v ~i8 0,016, -0.018
IT2 IV | IS5 to S2 cesss

g The data are teken from Hef. 1,
Sign is sttributed to lower arrow
transiticn,

EXPERIMENTAL

Al propellant semples uced in our exveriments vere received in the
form of 1/2-inch cubes that vere trirmed to fit the dilatometer,

The sample of LFT-10 was nmanufactured by the Propellants Division of
Aroco Cherical Corporation, Chicago, and its composition is given in
Table 2, The ingredients are mixed st 90°C. voured § *o molds at 105-
110°C, evacuated for 1 minute, and then pressed for 2 minutes at approxi-
mately 4,400 psi. Tne density as measured in n-hexane at 25°C vas
1.51% g/ml (theoretical dznsity 1.56 g/ml). Two deternminations were rmade
with this caterial,

To evaluate the effect of a eutectic composition upon thne trancitions
of ameoniun ni:rate, two propellants were preparsd in e commen bin. or,
The sample PL320L-R contained a mixture of griw.d macilue nitrete and
ground guanidine nitrate in a 70:30 ratio, The sample ?PL3205 contained
& 70:30 melt, which is cloze to the eutectic composition (TUs26; Ref, 4),
The malting point of the fused mixture was 128°C and that of the eutectic
is 127.7°C (Ref. 4). The melt was ground to 100-micron particie size,
The binder for both sarmples was a Butarez Type II carboryl termineted
rolybutadiene and was cured with HX-B48 (Minnesots Mining & Manufecturing
Co. designation for trimesoyl-trismeihylaziridine) crosslinking agent.
Both lots vere made up in 300-gram batches, mixed in l-pint Baker-Perkins
vertical mixers, and cured for he§ days at 70°C, The densitiss as
measured in n-hexane at 25°C for PL3205 and PL320L-R ware 1,355k g/=1
und 1,3496 g/ml, respactively (theoretical density 1.uk g/ml). The
propsllants were cut into l/keinchestrigs,

The amronium nitrate wes a sarple of J. T. Basker Analvzed Resgent,

It was dried fcr 2 dsys under vacuum at 70°C., The dansity was taken as
1,725 g/cl at 18°C (Ref, 1).

2 o~
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FIG. 5, Specific Volume~Temperature Helationship fer PL3205
and PL320LeR,

An increase of 0.6L% in apecific volume -ras observed betweea 50 and
52°C for LFT=10, X-ray diffraction dsata cbteined at room teaperature
and at TO°C ind{cate that this transiticn is the IV < II transition of
a==cnius nitrate and will be the subject of furthe» discussion. On
cooling, this transition does not occur until arproxizately 47°C,

The results for azzonjum nitrate are given in Fig. & and Table 3,
Cnly the Ligher temperature behavior vas studied snd the experiment was
started at C°C, Mo transition was observed becween 30 and 35°C, but a
broad transition did occur between 40 and 50°C, This was shown to be
the IV + III transition from X-ray data obtained at rooa temperature and
at 70°C, The transition temperature was shifted to an elevated tempera-
ture because of the partial drying of the amsonius nitrate.

The specific volumesterperature data for PL3¢05 and PL320LeR are
given in Fig, 5. The results are sizilar to those cbtained with ac—onjum
nitrate, Ho transition vas obsarved between 30 and 35°C, but & brosd

‘ 9
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tronsition wppesred tetween L end S0°C for toth T 7205 and PL320L-R,
This transition is deduced to be the IV + 1II transiition of armcniun
nitrate, The plots and the expansion coefficisits indicete that the use
of a mixture near tac zutectic compositicn of am=cniun nitrate engd
guanidine nitrate dees not alter {ne ar=onium nitrate transition.

The differerntial thermal anelysis results for LFT=10 ané a=monium
pitrate arc quite sizmilsr, &emonjum nitrate had endotherzs at L6, 92,
130, and 273°C. The LFT«1G had endotaercs at i€, 87, and 127°C, Ho
tronsitica is observed at 173°C, the melting roint of a=zonium nitrate,
The eadothern at B7°C for LFT-10 vas smaller, however, than the cane at
92°C for a=monium nitrate,

It must be ccacluded froz these results tnat the thersal behavior cf
LFT-10 froo =31 to 75°C is essentially due to the a==caju= nitrate., The
second order trensition of the cellulose acetate binder, which is well
plasticized Ly the acetyl trizthyl citrate, must either be below «32°C
or is too szall to be measured by this technique.

It has been shown froa the ansiysis of thz PL3205, PL320k-R, and an-
monium nitrate experiments that the chserved {ransition vas the IV + III
e=onium nitrate type, while in thc LFT=)0, the nmain transition was the
I7 + II transition, This difference in behavior might be explained as
follows: the propellant, LFT-10, is processed and the grain pressed at
a teoperature well above the III + II transition tesperatur= causing sost
of the ammonium nitrate to be in the II form, Wnen the grain is coocled
dovn, the armmonium nitrate passes directly into the iI. for= sincc there
is very little moisture present., Upon heating the grain o 74°C in the
eging test, the II forn predominates, Howevsr, according to the results
of the differentisl therzal analysis at 87°C it appears that so=ze of the
III form is present, These crystals may facilitate conversion of II to
the more stable III upon absorption of srall amounts of coisture. Tals
convarsion gives rise to a volume increase, The PL320L.R, PLI205, nd
ex=onius nitrate sazples ere never hestea to a temperaturs 8dave .ae
III + II traonsiticn tecperature end probably contalnec s-. > =ni3zture,
Therefore, these sanplss undergo the IV «+ III transition.

Tuking the voluzme of the gas genersator grain as 82.80 in.3, tie ine
crease in volume of the grain would e 2,15 in.3 vhen the temperatwve is
increased froa 25 to 75°C. If the a=moniun nitrate is ihen converted into
the III fornm on standing as sugzested the voluzme would {~:rease evex mors,

It is suggested that if the LFT-10 grains are prepared while the
arconius nitrate is in the III form, the severe growth prebles woild be
dizinished.,

The results g£lso indicate that the forzing of & sutectic vith guanie
dine nitrate has very little effect upon the ar—sniu= nitrete transiticen,
and that the Butarez binder has very little effect upon either the
trensiticn of the sutcctic or the =ixed crystal systes,
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